This study examined the effect of number of conceptuses on maternal concentrations and profiles of estrogen sulfate, estrone, estradiol-17B, progesterone and prolactin in giltS. Estradiolvalerate injections were used to induce pseudopregnancy (0 conceptuses; n=5) and oviduct ligation or no treatment were utilized to obtain pregnant gilts with 4 to 7 (n=4), or 8 to 11 (n=4) concepmses, respectively. Blood samples were collected every 10 d from d 10 through 110 of pregnancy or pseudopregnancy. At 110 d after onset of estrus, all gilts were slaughtered and numbers and(or) weights of fetuses, corpora lutea, placentae and the empty uterus were determined. Concentrations of estrogen sulfate and estrone, but not progesterone or prolactin, were associated with fetal number, total fetal weight, total placental weight or empty uterine weight. In contrast, only progesterone was highly correlated with number of corpora lutea. Results suggest that most conjugated estrogen, estrone and estradiol were of fetal-placental origin, whereas little, if any, placental production of progesterone or prolactin occurred. Increases in estrogen sulfate and estrone concentrations were observed at gestation d 30 and from d 70 to 100. The latter increase coincides with previously established increases in the rate of maternal mammary development and fetal growth.
Introduction
The placenta in most mammalian species acts as an endocrine organ and regulates the transport of nutrients from mother to fetus (Mulary et al., 1980) . Large amounts of both steroid and protein hormones are synthesized by the placenta during pregnancy (Gusseck, 1977; Simpson and MacDonald, 1981) . Whereas the precise roles of these hormones are not understood (Porter, 1980) , there is considerable evidence to suggest that they have important functions in maternal recognition of pregnancy, regulation of fetal-maternal metabolism and regulation of maternal mammary development. Porcine conceptuses are capable of converting radiolabeled androgens and progesterone (P4) to estrone (El) and estradiol-17~ (E2; Perry et al., 1973; Fisher et at., 1981) . Furthermore, Knight et al. (1977) observed lower concentrations of P4 and higher concentrations of E1 and E2 in uterine venous plasma than in radial vein plasma in pregnant gilts. This suggested that porcine coneeptuses were metabolizing Pa to estrogens. Additionally, a significant positive relationship between number of conceptuses in utero and concentrations of estrone-sulfate in maternal plasma on d 30 (Stoner et al., 1980) or d 20 to 26 (Home et al., 1983) of gestation has been established.
Several investigators have examined concentrations of one or more hormones in maternal blood during various phases of gestation in swine. However, few have examined the relationships of conceptus number to maternal hormone concentration during an entire gestation. The purpose of the present experiment was to characterize concentrations of El, E2, estrogen-sulfate (E-S), P4 and prolactin (Prl) in maternal plasma during gestation; and to deter-mine if, and to what extent, conceptus number might affect these concentrations.
Experimental Procedures
Thirteen crossbred (50% Yorkshire-Duroc; 50% Hampshire) gilts of similar weights, ages and genetic background were utilized in three treatments to affect number of conceptuses. Five gilts were not mated and received daily sc injections of 5 mg estradiol valerate on d 11 to 15 of the third observed estrous cycle (d 0 = onset of estrus) to induce pseudopregnancy (Fronk et al., 1978) . Four gilts were assigned to a second treatment in which a single oviduct was ligated to restrict conceptus numbers to approximately one-half of normal. Five to ten days after the first observed estrus, each gilt was anesthetized with sodium thiamylal and anesthesia maintained with metafane. A midventral laparotomy was performed, and the ampulla of the left oviduct was ligated with number 1 silk suture. Each gilt in this group subsequently was bred to mature boars at 12 and 24 h after onset of the second estrus surgery. An additional four gilts were bred at the same times by mature boars during their third observed estrus; those gilts represented a group with a full complement of conceptuses. No surgery (sham operation) was performed on this group.
Blood samples (20 ml) were obtained from each gilt by puncture of the superior vena cava at lO-d intervals from d 10 through 100 of pregnancy or pseudopregnancy." Additional blood samples were obtained from pseudopregnant gilts on d 25 and 35 to characterize the metabolism of the injected hormone. Blood was collected into heparinized syringes and maintained on ice until centrifuged at 7,000 • g for 15 rain at 4 C. Plasma was collected and stored at -20 C until used for hormone analysis. All gilts were slaughtered on d 110. Immediately after exsanguination and final bleeding, the ovaries, oviducts, uterine horns, uterine body and a portion of the cervix were removed from pregnant gilts and placed on ice. Ovaries were examined immediately and number of corpora lutea (CL) was recorded. The remainder of the reproductive tract was covered with ice and allowed to cool for 24 h to permit easier dissection. All subsequent measures of fetal and placental development (table 1) were collected as described by Knight et al. (1977) . Only number of CL was recorded for pseudopregnant gilts.
At slaughter, two of the animals with ligated oviducts had eight and ten fetuses, respectively, compared with only seven fetuses each in two pregnant gilts that received no surgery. Since the purpose of the treatments was merely to create groups with different conceptus numbers, these four gilts were rearranged for all subsequent analyses, resulting in five pseudopregnant gilts with no conceptuses (group 1), four pregnant gilts with four .to seven conceptuses (group 2) and four pregnant gilts with 8 to 11 eonceptuses (group 3).
Concentrations of P4 in plasma were determined by an assay which was validated previously for porcine plasma in this laboratory bvariables were recorded after slaughter of gilts on d 110. (Knight et al., 1977) . Intra-and inter-assay coefficients of variation of ovariectomizedhysterectomized gilt plasma were 7.2 and 36.9%, respectively. Estrone and E 2 were extracted from plasma with diethyl ether and isolated by column chromatography prior to radioimmunoassay (RIA) as described by Chenault et al. (1975) and Eley et al. (1981) , using an antibody donated by V. L. Estergreen of Washington State University. Validation of the assays in porcine plasma was reported by Knight et al. (1977) . Intra-and inter-assay coefficients of variation, respectively, for reference plasma were 28.9% and 29.4% for E 1 and 30.4 and 39.9% for E~.
A procedure for total E-S was validated without chromatography necessary to isolate E1 and E2. Because of the anticipated range in concentrations of E-S between d 10 and 110 of pregnancy in gilts, the assay was validated to use from .2 to 2.0 ml plasma. The procedure was a modification of the E-S assay reported by Eley et al. (1981) , except that different volumes of plasma were used, free estrogen was extracted with diethyl ether rather than benzene, and no column-chromatography was utilized to separate unconjugated E~ and E2 after cleavage of sulfated estrogens. Recovery of 2,000 cpm estrone-6,7-3H-sulfate, potassium salt s was determined with each of three replicates of .2, 1 and 2 ml plasma from ovariectomized-hysterectomized gilts. After extraction of free estrogens with diethyl ether (five times the aqueous volume) and the addition of acetate buffer (5 ml) and 12 h incubation at 37 C with 20 IU sulfatase enzyme (Sulfatase Type H-II crude) 9 per tube, the hydrolyzed estrogen was extracted with ether (two extractions, at three times the aqueous volume). Recovery of radioactive hormone averaged 85.3%, and there was no difference between the different volumes of plasma in recovery values (range 84.1 to 86.4% recovery). For all subsequent samples, internal recoveries were utilized to determine inter-assay variation and sample differences.
To test for inhibition by plasma and accuracy of the assay O, 100, 150, 200, 400, 1,O00, 2,000, 3,000, 4,000, 6,000, 8,000 or 10,000 pg estrone-3-sulfate [estra-l,3,5 (lO)-triene-17-oneNew England Nuclear, Boston, MA. 9Sigma Chemical Co., St. Louis, MO.
3-sulfate] 9 stabilized in potassium acetate, were added to .2 or 2.0 ml plasma from ovariectomized-hysterectomized gilts. After cleavage and extraction of unconjugated estrogen, E1 was determined as previously described. Regression equations of added (X, in pg) vs measured (Y, in pg) E1 were generated for the .2-ml and 2.0-ml curves. There was no evidence of heterogeneity of regression. The overall pooledregression equation from both volumes of plasma was described by Y = 221 + .969X (r2=.93), and the intra-assay coefficient of variation was 23.3%. For all E-S assays in this study, the intra-and inter-assay coefficients of variation for reference plasma were 19.5 and 10.3%, respectively. A validation of the E-S assay was demonstrated in that concentrations of the hormone increased in pregnant animals at the same stage of pregnancy as had been reported previously (Robertson and King, 1974; Hattersley et al., 1980) . The balance for the high inter-assay coefficient of variation samples from each of the three treatment groups were represented in each assay.
Plasma samples were also measured for Prl concentration in one RIA as described by Kraeling et al. (1982) . The intra-assay coefficient of variation was 6.0%.
All data concerning hormone concentrations were analyzed by least-squares procedures according to the Statistical Analysis System (SAS, 1982) . Analysis of variance (completely random design) was performed to examine effects of treatment group on number of CL, number of conceptuses, sex ratio, mean and total fetal and placental weights, crown-rump lengths and uterine weight. Sources of variation considered were group, gilt (group), day, group x day interaction and remainder. Because gilts were nested in group, the gilt (group) mean square was used to test the main effects of group.
Because one objective of the study was to relate plasma hormone concentrations to conceptus number, an average concentration of each of the hormones was calculated for each gilt by taking the mean of the 11 samples between d 10 and 110 of pregnancy or pseudopregnancy. Since the d 110 plasma sample was taken at slaughter, a large increase in Prl concentration was probably stress-related (Threlfall et al., 1974) . Thus, only the samples from d 10 to 100 were included in the calculation of the Prl mean for each gilt. Subsequently, amonganimal correlations were determined between the mean hormone concentrations in each gilt and each single measure of conceptus, uterine or ovarian development.
R esu Its
Means of uterine variables and number of CL are presented in table 1. Because the grouping of animals was based upon the number of fetuses, the average number of fetuses were 0, 5.8 and 9.3 in groups 1, 2 and 3, respectively (P<.O01, table 2). Mean fetal weight, placental weight, fetal crown-rump length and empty uterine weights were not different between groups 2 and 3. A comparison of total fetal weight reflected the difference observed in fetal numbers; group 3 gilts had an average of 4,083 g more fetal tissue than group 2 gilts (P<.01, tables I and 2). Similarly, total placental weights reflected the difference in conceptus numbers because group 3 had approximately 50% more total placental tissue (P<.10) than did gilts in group 2 (tables 1 and 2).
Treatment group, individual gilts within group, day of pregnancy, and group • day interaction were investigated for their effects on concentrations of hormones in plasma of gilts (table 3) . Treatment group significantly affected concentrations of E-S and El, but not E2, Pa and Prl (table 3). Concentrations of E-S, El, E2 and P4, but not Prl, differed among gilts (table 3) . Concentrations of each hormone changed throughout pregnancy, and a significant group x day interaction was detected for E-S, E1 and E2, but not P4 or Prl (table 3) . Consequently, least-squares means were plotted fo each treatment group for E-S, E1 and E2, but overall least-squares day-means were plotted for P4 and Prl (figures 1 and 2) . The E-S concentrations were less than 2 ng/ml on d 10 and 20 in groups 1, 2 and 3 (figure 1). By d 30, however, E-S had increased to 7.7 ng/ml in group 3 and to 7.4 ng/ml in group 2, but only 1.7 ng/ml in pseudopregnant gilts.
Concentrations of E-S in plasma declined in all gilts by d 40 of pregnancy or pseudopregnancy, and remained below 1 ng/ml until d 80 (figure 1). At this time, concentrations began to increase and continued to increase until d 110 of pregnancy when gilts were slaughtered (figure 1). The E-S remained <1 ng/ml in pseudopregnant gilts until d 110, when a slight increase was observed.
Plasma concentrations of E1 in groups 1, 2 and 3 are depicted in figure 2 and indicate a profile similar to those observed for E-S, except that no distinct increase in E1 occurred at d 30 in pregnant animals (figure 1). Concentrations of E1 were low and varianble in all treatment groups from d 10 through 40 (figure 1), but El 1). This was attributable to a high value in one gilt (but not the same gilt) on each of the days, without which group 2 means would have been 117 and 28 pg/ml on d 40 and 50, respectively. On d 60 and 70, average concentration of E2 was less than 80 pg/ml in each group (figure 1), but subsequently increased in pregnant gilts (groups 2 and 3) to attain a mean concentration of 520 pg/ml on d 110. The unusually high E2 concentration in group 2 on d 90 may also be accounted for by one high value. Analyses of variance (table 3) indicated that E2 was not related to litter size, but E2 concentrations clearly were higher in pregnant than pseudopregnant gilts (figure 1).
Overall day-means were plotted (figure 2) for P4 concentrations because mean concentration of P4 was not different among groups and there was not a group • day interaction (table  3) . Concentrations of P4 in the 13 gilts averaged 24.6 ng/ml on d 10 of pregnancy or pseudopregnancy (figure 2), and decreased in the subsequent 10 d to 14.2 ng/ml. Between d 20 and 100, P4 averaged 16 ng/ml, with transient increases observed on d 40, 70 and 110 (figure 2). Concentrations of Prl did not differ among groups (table 3, figure 2 ). The Prl averaged 30.7 ng/ml on d 10 of pregnancy or pseudopregnancy (figure 2), but declined to 14.0 ng/ ml on d 20. Mean concentrations of Prl were stable (between 13.7 and 18.3 ng/ml)between d 20 and 100, but increased to 57 ng/ml at slaughter (figure 2).
Mean concentration of each of the hormones was calculated for each gilt and correlated with the number of CL, number of fetuses, total fetal weight, total placental weight or empty uterine weight for each gilt (table 4) . Results of the among-animal correlations indicated there was a positive association between E-S concentrations and total fetal weights, number of fetuses, total placental weights and empty uterine weights (table 4) . However, E-S was not correlated with number of CL. Like E-S, E1 was positively correlated with number of fetuses and empty uterine weight, but not with number of CL, total fetal weights or total placental weights (table 4). Concentrations of E2 and Prl were not significantly associated with number of CL or any of the uterine variables (table 4), and Pa was correlated with number of CL (table 4) . Among-animal correlations between the different hormones that were measured indicated that E-S was positively associated with E1 (P<.001) and with E~ (P<.05), but not P4 or Prl (table 5) . Similarly, El was correlated with E2 (P<.01). However, there was no significant association between estrogen and P4, or P4 and Prl (table 5) .
Discussion
The average number of fetuses per gilt was lower than expected in group 3. This may have resulted from heat stress, since the experiment began in July. Nevertheless, clear differences remained among treatment groups in number of conceptuses per gilt, which allowed a test of the original hypothesis. Observed values for fetal and placental development were similar to those observed by Knight et al. (1977) .
Changes in concentrations of all hormones were observed throughout pregnancy and the magnitude of changes in E-S and E1 in late pregnancy were related to conceptus number. An increase in E-S on d 30 was reported by Robertson and King (1974) , Hattersley et al. (1980) , Stoner et al. (1980) and Home et al. (1983) , and likely results from estrogen production by the porcine conceptus (Ainsworth and Ryan, 1966; Perry et al, 1973; Fisher et al., 1981) .
The differences between E-S concentrations in the current study and those reported by Robertson and King (1974) may be due to increased concentrations of E-S, or estrogenglucuronides (which were not measured by Robertson and King, 1974) . Nonetheless, the time of increased E-S concentration noted in the present study was similar to that reported by Robertson and King (1974) . Knight et al. (1977) had observed a 15-fold increase in E1 secretion from the pregnant uterus between d 60 and 70, and a further sevenfold increase between d 70 and 80. On d 90 of gestation, plasma E1 concentrations in the current study averaged 1,276 pg/ml in group 3,404 pg/ml in group 2 and 82 pg/ml in group 1 (figure 1), indicating a relationship between concept-us numbers and concentrations of free estrogen. This trend continued through d 110 with group 3 averaging 3,443 pg/ml, group 2 gilts, 2,767 pg/ml and pseudopregnant gilts only 214 pg/ml. The E1 profile observed in pregnant gilts in this experiment was similar to that reported by Robertson and King (1974) and Knight et al. (1977) . Concentrations were low in early pregnancy, and onset of the prepartum increase in Et occurred on d 70 or 80 (figure 1). Average concentration of E1 in the current study was 3,105 pg/ml on d 110, which was similar to the 2,500 pg/ml observed just prior to parturition by Robertson and King (1974) , or the 3,400 pg/ml observed in the uterine vein of gilts on d 100 (Knight et al., 1977) .
Concentrations of E2 in the current study were greater than those observed by Knight et al. (1977) , and Molokwu and Wagner (1973) , but similar to those reported by Robertson and King (1974) .
A decline in plasma P4 concentrations was observed in gilts from 10 to 20 d of pregnancy; similar concentrations have been reported by Robertson and King (1974) . Progesterone averaged 16 ng/ml from 20 to 100 d of pregnancy, which was similar to values reported previously (Killian et al., 1973; Robertson and King, 1974) . Possible physiological significance of increased P4 on d 40, 70 and 110 of pregnancy is not known, as this has not been reported by others. A decrease in Prl concentrations was observed between d 10 and 20 of pregnancy (figure 2). The Prl concentrations averaged 16 ng/ml from d 20 to 100, which is slightly higher than those reported by Dusza and Krzymowska (1981) . On d 100 of pregnancy, plasma concentrations of Prl averaged 57.3 ng/ml in the current study, compared with 10 ng/ml in sows as observed by Dusza and Krzymowska (1981) . These data suggest that there is no detectable contribution of Prl by the gravid uterus because values in group 1 were not different than those of pregnant gilts.
Positive correlations of E-S and E1 with uterine variables were expected, since a positive relationship had been demonstrated between number of fetuses and E-S or E~ concentrations (figures 1 and 2). The absence of significant correlations between E~ and Prl, and any of the conceptus measurements may indicate that E2 was primarily of ovarian origin, and that Prl was primarily from the maternal pituitary and not affected by secretions of the conceptus. However, the clear increase in E2 of pregnant, but not pseudopregnant gilts, after d 70 implicated a fetal-placental production of E2, as suggested by Knight et al. (1977) . Therefore, E2 in maternal plasma during pregnancy probably originated in the conceptus, as well as in the ovaries. That mean P4 was highly correlated with the number of CL, but not conceptus measures, supports the hypothesis that there is little placental contribution to maternal P4 in the pig. Simple correlations among the various hormones indicated that estrogens were associated with each other, which was expected because all estrogens were higher in pregnant than in pseudopregnant animals.
These results provide the first clear evidence that conceptus mass has a marked effect on maternal concentrations of E-S and Ex, but not P4 or Prl, during the last one-third of gestation in swine.
